INTRODUCTION
Indoor crop production in greenhouses is recognized as an efficient, year-round farming practice, mainly for crop yield and controlled use of resources. The typical effluent generated by greenhouses for food production contains high levels of nitrate, among other problematic constituents (Saxena & Bassi ) . Although the greenhouse effluent is typically low in organic carbon concentrations (Prystay & Lo ), the direct discharge of this nutrient-rich solution to the surrounding surface waters has major environmental risks including eutrophication and hypoxia (Gruyer et al. ) . Recently in Ontario, Canada, new regulations came into effect to help greenhouse growers comply with environmental standards for managing the effluent from closedsystem operations (GNF ). Denitrification is commonly recognized as a process in which nitrate is reduced to nitrogen gas via other intermediates. As most of the denitrification is carried out by facultative heterotrophs, the process is strongly dependent on carbon availability (Kadlec & Wallace ) . (Christianson & Schip- per ), show the effective applicability of these systems for nitrate reduction. The majority of nitrate removal in similar systems was reported to occur due to heterotrophic denitrification, while the role of other processes such as dissimilatory nitrate reduction to ammonium, anammox and plant uptake were presumed to be relatively low (Warneke et al. a) .
Despite the promising results made available in the literature during the past few years, as well as confirmed multi-year longevity and nitrate removal as high as 16.1 g N m À3 media day À1 for fresh wood chips in test columns (Robertson ) and up to 22 g N m À3 media day À1 in denitrification beds (Schipper et al. b) , the removal rates remain varied among different studies (Addy et al. ) . In addition, and as mentioned previously, the majority of the published studies (Table 1) . This was done to account for the low (low loading: LL) and high (high loading: HL) ends of nitrate concentration ranges in the typical greenhouse effluent. A total of seven plant species were tested in the experiments including softstem bulrush (Schoenoplectus tabernaemontani C.C. Gmel. Palla, abbreviated as 
RESULTS AND DISCUSSION
The planted gravel bioreactors did not result in any significantly better performance compared with the control gravel unit (Table 2, Figure 1 ). The overall zero nitrate water quality parameters, except for NO Reduction with respect to the influent. (Table 5 ). This observed reduction rate is over 25% greater than the highest previously reported rate of 22 g N m À3 media day À1 (Robertson et al. ; Schipper et al. b) . S. pectinata and D. spicata resulted in reductions of 11.5 ± 1.1 and 11.7 ± 1.2 g N m À3 media day À1 in the LL phase and 15.5 ± 6.2 and 13.7 ± 2.2 g N m À3 media day À1 in the HL phase respectively. As the nitrate removal performance of all the bioreactors except for T. angustifolia decreased in time, this species demonstrating the beneficial capacity of enhancing the denitrification efficiency in time. 
